OBJECTIVE: To determine risk factors for venous thromboembolism (VTE) among nursing home (NH) residents.
PARTICIPANTS AND METHODS:
This population-based historical cohort study used Minnesota Case Mix Review Program (MCMRP) Public Research Files to identify all unique Olmsted County, Minnesota, residents in any local NH from January 1, 1988 , through December 31, 1994. Cases were defined as residents with a VTE diagnosis at any NH assessment. For each case, we identified 2 age-and sex-matched controls, defined as NH residents who did not have VTE but were assessed in the year of the case's earliest VTE diagnosis (ie, index assessment). Cases and controls were compared for preindex assessment characteristics. Accuracy of MCMRP VTE ascertainment was explored by comparing MCMRP cases with members of the Rochester Epidemiology Project incident cohort who were objectively diagnosed with VTE from January 1, 1988 , through December 31, 1994, while residing in an Olmsted County NH.
RESULTS:
At the preindex assessment, cases were more likely than controls to have returned from hospital; to require assistance with grooming, toileting, transferring, bed positioning, or wheelchair use; or to need physical therapy, rehabilitation, clinical monitoring, or wound care and were less likely to have neurologic disease. There were 53 MCMRP VTE cases vs 161 Rochester Epidemiology Project NH VTE cases; the proportion with pulmonary embolism was 21% vs 62%; 1-year mortality was 24% vs 55%.
CONCLUSION:
Administrative data from NHs reveal important VTE risk factors not routinely documented in hospital or ambulatory records. However, ascertainment of VTE from NH administrative data appears biased toward surviving cases, highlighting concerns about using such data to assess provider quality and pointing to the need for studies that track individuals through multiple data sources across institutional settings.
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V enous thromboembolism (VTE) is a serious public health problem, with incidence rates similar to stroke and fatality rates greater than acute myocardial infarction. 1, 2 The incidence of VTE can be markedly reduced with appropriate prophylaxis, 3 ,4 yet prophylaxis rates are disturbingly low in clinical practice. [5] [6] [7] To increase appropriate prophylaxis, evidence-based guidelines have been developed for several high-risk patient categories. 4, 8 Many of the data for defining these high-risk categories came from Rochester Epidemiology Project (REP) resources. REP resources include complete clinical detail from essentially all acute medical care received by resi-CHF = congestive heart failure; CI = confidence interval; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; MCMRP = Minnesota Case Mix Review Program; NH = nursing home; PE = pulmonary embolism; PY = person-years; REP = Rochester Epidemiology Project; VTE = venous thromboembolism dents of Olmsted County, Minnesota. 9 These resources were previously used to identify and characterize all county residents who met objective criteria for incident and subsequent VTE from January 1, 1966, through December 31, 1998.
10,11 REP studies were the first to show that nursing home (NH) residency is an important risk factor for VTE.
12
REP studies also revealed that mortality after VTE is higher for NH residents than for community-dwelling residents 13 and that a substantial proportion of all VTE events occur in an NH. 14 Factors responsible for NH-associated VTE risk appear independent of other known risk factors 12,14 and remain largely undefined. No evidence-based guidelines for VTE management or treatment currently exist for NH residents. Appropriate VTE risk stratification is especially critical for NH residents, many of whom are elderly with multiple conditions and complex medication regimens, characteristics associated with increased risk for complications of VTE prophylaxis. 15 Although the detail contained in REP medical records affords information specific to several high-risk categories (eg, hospitalized, cancer, and orthopedic patients), 16 REP data are less informative about NH residents. REP resources do not allow estimates of the NH population at risk, nor do they afford easy identification of non-VTE NH controls. Potentially relevant variables (eg, activity and mobility status; cognitive and physical functioning) are not routinely assessed using standardized measures. 19 However, because individuals identified using MCMRP files were drawn from the same geographic area over the same time period as members of the REP VTE incident cohort, the current study was able to assess comparability of the 2 approaches with respect to number and characteristics of NH VTE cases.
PARTICIPANTS AND METHODS
This population-based retrospective study was conducted in Olmsted County, Minnesota (2000 census population, 124,277), and was approved by Mayo Clinic and Olmsted Medical Center institutional review boards. Risk factors for VTE among NH residents were assessed using MCMRP files and a matched case-control design.
MCMRP PUBLIC RESEARCH FILES
As mandated first by Minnesota state law in 1985, and more recently by federal law, every Medicaid-certified NH facility in Minnesota is required to use a standardized instrument to assess each resident at every NH admission or transfer (within or between nursing homes, or from hospital) and on a semiannual basis. The information is used to assign case mix for Medicaid payment; however, every resident is assessed, regardless of payment source. Each individual is assigned an anonymous identifier that is maintained for all admissions across all Minnesota NHs. For each assessment, resident and NH identifiers; admission, discharge, and assessment dates; admission source; discharge disposition; and reason for assessment are recorded. Each assessment also includes a physician's statement of the resident's general condition; type and level of dependencies; problems with communication, hearing, vision, orientation, and behavior; need for special programs and special treatments; selected medications; and up to 6 medical diagnoses. Results are sent to the Minnesota Department of Health and entered into computer files that are available for research purposes from January 1, 1988, forward. 17 
SAMPLE DESCRIPTION
The MCMRP files were used to identify all individuals residing in an Olmsted County NH from January 1, 1988, through December 31, 1994. All International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes assigned at every assessment were then reviewed to identify individuals with any VTE-associated codes (eAppendix [available at www.mayoclinicproceedings.com, linked to this article]). We wanted to limit the investigation of risk factors to conditions that preceded the actual VTE event. We defined the earliest assessment at which a diagnosis code for VTE was assigned as the index assessment. To exclude individuals in whom the VTE event occurred before NH admission and to exclude as potential risk factors any that appeared after the VTE but before the index assessment, we required that NH VTE cases have at least 1 assessment before index (ie, a preindex assessment). For each VTE case, we identified 2 non-VTE controls, requiring that controls had at least 1 assessment in the case's index year, had 1 prior assessment, and were the same sex and age (±1 year) at index as the case.
DATA COLLECTION
The index assessment for each VTE case and non-VTE control was reviewed for sex, age, and time since first NH admission. The preindex assessment was reviewed for the reason that the assessment was conducted; for physician's statement of general condition; and for the resident's level of difficulty performing activities, need for programs and treatment regimens, and medications (eAppendix). On the basis of suggested associations between VTE and medical conditions from studies of community-dwelling or hospitalized populations, 12,20-23 the preindex assessment was reviewed for cancer, fracture, and infection. All assessments before the index assessment were reviewed for congestive heart failure (CHF), chronic obstructive pulmonary disease, diabetes, obesity, and neurologic diseases (eAppendix).
Data were also reviewed to compare characteristics of Olmsted County NH VTE cases identified using MCMRP files with those of members of the REP Olmsted County VTE incident cohort. Cases in the REP VTE cohort are identified using a 2-stage process. Potential cases are identified on the basis of clinical diagnoses suggestive of VTE (eAppendix); of ultrasonography, computed tomography, and echocardiography results; and of autopsy reports. Cases of VTE are confirmed with the second stage, as described in the eAppendix and in detail elsewhere. 10, 11 In previous REP studies, NH residents who are admitted to a hospital and who experience a VTE before or within 90 days of hospital discharge are categorized as hospital rather than NH cases. To approximate the definition used in our analysis of MCMRP files, the current study defined REP NH VTE events to include all those that occurred in an NH or in a hospital after admittance from an NH.
For both MCMRP-and REP-identified cases, we estimated the incidence of VTE; estimated distributions by ; mortality was determined by following individuals in REP resources through December 31, 1994. Follow-up for both approaches was censored as of the date of last known vital status and reported at 1, 3, 6, and 12 months.
STATISTICAL ANALYSES
The comparative analysis of VTE risk factors for MCMRPidentified VTE cases and controls used conditional logistic regression to preserve matching. 24 Forward and backward stepwise regressions were used to identify a final model. The multivariable modeling considered all ICD-9-CMidentified medical conditions and other variables for which the univariate P value was ≤.100; the P value to enter and leave the model was set at .05, and separately, at .01. All variables remaining in the model were assessed for interactions with each other and with the matching variables, ie, age, sex, and index year.
Descriptive statistics were used to informally compare characteristics of MCMRP-identified NH VTE cases with those of REP-identified NH VTE cases. The Poisson distribution was used to determine 95% confidence intervals (CIs) for incidence. Kaplan-Meier estimation was used to assess cumulative mortality after date of VTE for REPidentified cases and after date of index assessment for MCMRP-identified cases. Formal statistical comparisons between the 2 approaches were limited by proscriptions against linking individuals across data sets, without special permission from the Centers for Medicare and Medicaid Services.
RESULTS

NH VTE RISK FACTORS IDENTIFIED USING MCMRP FILES
From January 1, 1988, through December 31, 1994, there were 4526 NH PY of observation for Olmsted County NH residents. Over this period, 66 individuals had at least 1 assessment with a diagnosis code for VTE. Thirteen individuals with no assessment before being assigned such a code were excluded from the risk-factor analyses. Table 1 provides results from univariate comparisons between the remaining 53 VTE cases and 106 non-VTE controls. Distributions by sex and age at index were similar, by virtue of the study design. The number of years from first NH admission until index was significantly (P=.001) lower for cases than for controls. Review of preindex assessment characteristics revealed the odds of VTE were 4.6 times higher for residents with "return to NH after hospitalization" as reason for the assessment. Compared with controls, cases were significantly (see Table 1 for P values) more likely to require assistance with grooming, toileting, transferring, positioning in bed, and wheelchair use. The odds of being dependent in 7 or more activities of daily living (ADLs) were more than 2.5 times greater in cases than in controls. Compared with controls, cases were significantly (see Table 1 for P values) more likely to have a plan for physical therapy, wound care, rehabilitation procedures, and clinical monitoring. Except for a nonsignificant tendency for cases to be less likely than controls to be receiving antipsychotic medications, the 2 groups did not differ in measures of medication use. Between-group comparisons for specific medical conditions revealed that cases were significantly less likely to have a code for neurologic disease (P=.04). None of the other associations were statistically significant.
Results of stepwise multivariable modeling in which the P value to enter and leave the model was set at .05 are provided in Table 2 . Increased number of years from first NH admission to the index assessment and antipsychotic medication were each associated with decreased odds of VTE. Return from hospital, requiring assistance with grooming, and requiring assistance with behavior were each associated with increased odds of VTE. No medical conditions entered into the model. However, after adjusting for the above variables, the odds of VTE were nonsignificantly increased for residents with a diagnosis of cancer (odds ratio, 3.58; 95% CI, 0.90-14.35; P=.07). No interactions came into the model. When the P value to enter and leave the model was set at .01, only number of years since first NH admission, return from hospital, and need for assistance with grooming came into the model. The estimated odds ratios for these 3 variables were similar between the 2 models (data not shown).
COMPARISON OF MCMRP-IDENTIFIED CASES WITH REP-IDENTIFIED CASES
The REP VTE cohort contained 161 first-in-lifetime objectively diagnosed VTE events among Olmsted County residents from January 1, 1988 a Cases and controls were matched on age (±1 year); thus the nonsignificant finding should not be interpreted as suggesting that age is not a potential risk factor for VTE. Age and years since first admission were obtained from the index assessment. Other variables were obtained from the assessment before index, except for congestive heart failure, chronic obstructive pulmonary disease, diabetes, obesity, and neurologic diseases, which were obtained from all assessments before index. All values are reported as number (percentage) unless otherwise indicated. ADLs = activities of daily living; CI = confidence interval; NA = not applicable; NH = nursing home; OR = odds ratio; VTE = venous thromboembolism. b Activities of daily living were grooming, bathing, eating, toileting, dressing, transferring, bed positioning, and walking; dependency was defined as requiring assistance beyond supervision, guidance, or programming. that occurred either in an NH or in a hospital among residents admitted from an NH. REP data do not afford distinctions between NH VTE cases with and without 1 or more NH assessments before their VTE event. Therefore, when comparing REP cases with MCMRP cases, we analyzed the MCMRP data 2 ways: first, considering all 66 MCMRP-identified VTE cases; and second, considering only the 53 MCMRP-identified VTE cases with a preindex assessment. As shown in Table 3 , dividing the 161 REP cases by the 4526 Olmsted County NH PY at risk obtained from the MCMRP files yielded a crude VTE incidence rate of 36 per 1000, more than twice that for all 66 MCMRPidentified cases (15/1000) and 3 times that for the 53 cases with at least 1 prior assessment (12/1000). REP and MCMRP approaches yielded cases with similar age and sex distributions. There were striking differences, however, in the proportion of events categorized as PE, the more lethal VTE event type. Sixty-two percent of REP-identified NH cases had PE compared with 21% to 24% of the MCMRPidentified cases. Consistent with this finding, 1-year cumulative mortality was 55% among REP-identified cases and only 23% to 24% among MCMRP-identified cases. Among the 161 REP-identified cases, 55 (34%) were discovered at autopsy. However, cumulative mortality at 1 year for REPidentified cases, conditional on surviving 1 or more days (ie, not discovered at autopsy), was 31% (95% CI, 22%-39%), still higher than that for MCMRP-identified cases.
DISCUSSION
This study attempted to address the serious shortage of information regarding characteristics associated with VTE among NH residents. To our knowledge, it provides the first evidence that the odds of VTE are higher among NH residents who require assistance with mobility-related activities, ie, grooming, toileting, transferring, positioning in bed, and wheelchair use. The association is reinforced by the increased odds of VTE for residents with a need or plan for physical therapy, rehabilitation procedures, and wound care or care of decubitus ulcers. Short-term immobility was identified as a VTE risk factor in a few studies of other high-risk populations, eg, hospitalized patients and those with spinal cord injuries, 25, 26 and it has been implicated as contributing to an increased incidence of VTE among air travelers. 27, 28 Reliable data on long-term immobility are limited. We did not investigate duration of immobility directly. To the extent that length of NH stay might provide a marker of extended immobility, we found a highly significant inverse association between VTE and number of years since first NH admission (P=.001), in the opposite direction than would be expected if long-term immobility were a risk factor. One might speculate that the inverse association with length of NH stay reflects reduced risk associated with extended treatment (eg, physical therapy and rehabilitation programs). Although this speculation contrasts with the increased odds observed for these programs, it is important to note that need or plan for such programs could differ from actual participation in them. Previous studies of hospitalized patients and the general population have identified several medical conditions (eg, neurologic diseases, cancer, CHF, and fractures) as independent risk factors for VTE.
12,20-23 Although we found a nonsignificant tendency for residents with diagnoses of cancer to be at increased risk of VTE compared with residents without such diagnoses, the only significant association between VTE and medical conditions considered in our study (ie, that with neurologic diseases) was in the direction opposite that expected. Although not statistically significant, cases had a likelihood of a CHF diagnosis nearly half that for controls; we found no difference between cases and controls with respect to the likelihood of having a fracture diagnosis. These unexpected findings should be interpreted with caution. Confidence intervals for several associations were wide. Conditions were identified on the basis of ICD-9-CM codes. Also, in an attempt to exclude as potential risk factors conditions that first occurred during or after the VTE event, we limited diagnoses to those recorded at the preindex assessment. Therefore, conditions that first occurred after the preindex assessment but before the VTE were missed.
Two variables did not reach significance univariately at .05 but became significant in the multivariable analyses; VTE was positively associated with difficult behavior and negatively associated with antipsychotic medication. The latter was significant only after the behavior variable was entered into the model. Liperoti et al 29 found that NH residents treated with atypical antipsychotic agents were at increased risk of VTE; they did not report findings for risk factors other than antipsychotic agents. On the basis of our findings, one might speculate that it is not difficult behavior per se that is associated with increased VTE risk, but rather the manner in which that behavior is managed (eg, physical vs pharmacological restraints).
LIMITATIONS
The current study was restricted to a single county, which in 1990 was 96% white. The underrepresentation of minorities and the single geographic setting compromise the findings' generalizability to other racial and ethnic groups and to other health care environments. Our findings should be further examined in other settings. Few such studies have been published. Gomes et al 30 used diagnosis codes from both the Minimum Data Set and linked Medicare data to identify VTE events among NH residents in Kansas. Despite marked between-study differences, including multiple exclusion rules used in the Kansas study, the VTE incidence rate of 13 (95% CI, 11-15) per 1000 NH PY reported by Gomes et al is consistent with our estimates of 12 to 15 per 1000 NH PY, using the MCMRP files ( Table  3 ). The age and sex distributions were also similar between the study by Gomes et al 30 and the current study. In the study by Gomes et al, mean age was 84 years and proportion of male patients was 23%. Gomes et al 30 did not identify risk factors for VTE among their NH population.
Both the NH administrative data used in the current study and in that by Gomes et al 30 are limited with respect to validating the diagnosis of VTE. Any VTE events that occurred while an individual resided in an NH cannot be distinguished from those that occurred before NH admission, and first events cannot be distinguished from recurrent events. Conditions are recorded only if active at the time of assessment and, importantly, only if the individual remains available to be assessed. These limitations were reinforced by our finding that the number of MCMRP-identified NH VTE events was less than half the number of REP-identified VTE events. The proportion of PE, the more lethal type of VTE event, was much lower, and the case-fatality rate was dramatically lower. These results suggest that fatal VTE events (ie, those that occurred after the last assessment) are seriously underrepresented in NH administrative data sets. The extent to which such underrepresentation affects the results of analyses of NH-associated VTE risk factors in the current study cannot be determined.
IMPLICATIONS
Our findings that some VTE risk factors in other populations might not apply in the NH population highlight the need to exercise caution in using these factors to identify candidates for prophylaxis within the NH setting. The strong association with return from hospital reinforces that the transition between acute and long-term care is an important opportunity to reduce the incidence of VTE. 7 Need for assistance with mobility-related activities could also constitute a subset of NH residents with especially high VTE risk. The serious underrecognition, especially of fatal events, suggested by differences between MCMRP-identified and REP-identified cases raises concerns about using NH administrative data to assess and compare quality across NH providers. 31, 32 
